A simple, inexpensive, optically isolated current-to-voltage converter circuit has been developed for the measurement of bipolar currents in the range of 10 pA to 1 %A on the biased elements of an electron optics system at voltages up to 3.5 kV. The design takes advantage of low-leakage, low-power CMOS operational amplifiers as well as linear optocouplers to create a low-noise battery-powered front end with an expected battery life of 3 years using a single 9 V lithium battery.
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A common problem in electron optics is the measurement of low-level currents on optical elements that are biased in the range of hundreds to thousands of volts. When steering and focusing a charged particle beam, it is often necessary to monitor currents on several system elements sequentially as the beam transmission is optimized by adjustment of electrode voltages. This is the case with our Scanning Electron Microscope with Polarization Analysis (SEMPA) electron optics, where eight separate aperture currents are monitored during alignment. 1 Historically, the ammeter function of a commercial battery-powered electrometer has been used for this measurement. Tuning requires that the electrometer be connected to each aperture in turn; a laborious and time consuming task since the bias voltages must be turned off during each connection change. A scheme for switching the currents through the electrometer was considered but this would have required the fabrication of a custom mechanical switch to maintain leakage currents at an acceptable level. Space and cost constraints prevented us from using a separate electrometer for each aperture. Instead, we developed a small, low-cost, single channel optically isolated current-to-voltage (I/V) converter board. Eight of these boards are used in a dedicated aperture current monitoring system. The boards accomodate bipolar currents in the range of 1 nA to 350 nA, with bias voltages up to 1500 V. In order to maintain low noise operation, battery power is favored over DC-DC converter power for the circuit's front end. To achieve acceptable battery life the low power front end uses CMOS operational amplifiers and linear optocouplers. The LED illumination also in.
generates an identical "mirror" current , I , in the output photodiode. I is converted to a circuits by making available only the essential isolation elements without the input and output circuitry normally found in an isolation amplifier.
The current mirror is usable over an input range of 10 pA to 300 %A. The low end of the input range is limited by photodiode dark current which is held to less than 10 pA by the zero volt bias inherent in the inverting op-amp configuration. The high end of the input range is limited by the maximum allowable LED current of 60 mA. Since our application measures currents of 350 nA or less we limited the LED current to 100 %A, and the input current range to ±1 %A. The error in the circuit's current to voltage conversion is ±1% for input currents between 1 nA and 1 %A, and 10% for input currents between 100 pA and 1 nA. Operating the LED at 100 %A maximizes battery life, but comes at the expense of bandwidth. At these currents the optocouplers have a 3 dB bandwidth of 2 kHz, whereas at a LED current of 10 mA and photodiode current of 100 %A the device is specified to have a bandwidth of 200 kHz. In our application the bandwidth is further limited to a few hertz since tuning is done manually and the output signals are displayed on an analog meter.
The basic current mirror scheme is expanded in the final design to include output stage I/V converter gain switching and remote offset voltage adjustment. The converters are coupled to the electron optics using coaxial cables with grounded shields in a "high-low" connection scheme, i.e "high" to the electrode and "low" to the bias voltage, V . In this configuration the 
